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Van Allen Belt Radiation 
on TIROS/gOS/lTOS Spacecrafts 

gorevQr(^ 

In order to provide the pro.}ect office, its manager, contractors, 
engineers, scientists, and experimenters with updated radiation 
data, old predictions of vehicle -encountered trapped-particle 
fluxes were re-evaluated and new calculations were peiformed, 

The final results, presented in tabular and graphical form, are 
analysed and discussed. 

Additionally and in response to frequent ^inquiries about the models 
employed in the flux calculations, their proper use, the inter- 
pretation or accuracy of the obtained values and the correct application 
of the results, a special section was included in this report, 
preceding the introduction, that answers some of these querries, 
mainly in regards to validity, terminology, and usage. 
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Environment Models and Orbital Fliuc Calciaatlons 


Prom the time of its discovery in I959 - i960, the trapped radiation 
environment has consistently been described and modelled separately 
for electrons and for protons. Initially, this distinction was 
probably made out of necessity. At that time, the sheer magnitude 
and complexity of the modelling task favored this solution; that is, 
it became necessary to break the whole problem up into smaller manageable 
pieces and treat them independently. 

Several years and many satellites later, as magnetospheric physics 
grew to a full fledged member of the scientific disciplines 
and a deeper understanding developed for the causality of the 
observed physical phenomena, it became apparent that the initial 
distinction was a fortuitous design of great merit. By then it 
had also become evident that the real high energy proton environment 
could most appropriately be approximated by static models (four 
initially, three now), while the electrons posed severe problems, 
displaying strong temporal variations throughout their entire 
trappirjg region, partially due to the vast deposition of artificial 
electrons froTo. the STAKB'ISH nuclear explosion in I962, and partially 
due to solar cycle and magnetic stoxro effects* 

Thus, it has long been customary to construct separate models for 
the two types of particles, a distinction which is now well accepted 
and established. Vette's "Models of the Trapped Radiation Environment" 
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were designed along these lines. Today widely acclaimed, they tove 
become standards and they are extensively used throughout the entire 
western world. 

These models are periodically updated or revised to reflect changes 
or improvements in their data base. Up to this time they have always 
been static models but Dr. Vette and his group are presently working 
on a dynamic electron model which should be published soon. Currently 
the following models are in valid use; AE2 of 1964 (subsynchronous 
electrons), AE3 of I 967 (synchronous electrons), AP5 of 1967 (low energy 
protons), AB6 of 196 k, API of 1963 , and AP? of X 969 (high energy protons). 

Axl models are by necessity approximations. The extent to which they 
predict correctly the real environment in intensity and energy distri^ 
but ion is given by an error- or uncertainty- factor, inseparably attached 
to each model. It is applied both as a multiplier and as divisor; if, for 
example, for a flux- value of 10® (particles per square centimeter per 
second) a factor 2 is given, then the upper and lower estimates for the 
intensity are 2 x 10® and 5 x 10^, 

Obviously, every calc\ilation performed with any one of these models 
will inherently contain at least this uncertainty factor. Fwthesrmore, 
it is evident that in electron calculations the final imcertainty factor 
may be significantly greater than the model factor, as long as a static 
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XQOdel Is being used. There can be no question or doubt as to the 
applicability of the uncertainty factor. Be suits obtained in any way 
or form from these models should be bracketed by an error bar 
determined by the uncertainty factor. This implies of course^ that 
actual measurements are expected (to a Mgh degree of probability) 
to fall within the given error bar. 

It has been noted that at times confusion has arisen in the aerospace 
community as to the correct terminology to be employed when relating to 
radiatlon<*be 3 1 data. 

It is felt that this bewilderment would be significantly reduced 
if the term *todel radiation environment" were selectively used 
only in connection with descriptions of the Van Allen Belts, such 
as Vette*s AE 2 , AB 5 , etc. Such trapped particle models, in conjunction 
with dated magnetic field models and the orbit of a spacecraft, 
can then be utilized to determine the fluxes encountered by that 
satellite at a specified epoch. 

Unfortunately it has happened that the term "model radiation environment" 
was occasionally used in reference to calculated flux predictions. 

Thus, special radiation data obtained exclusively from specific 
orbital flux integrations (i.e. total electron and proton intensities, 
characteristic of a unique trajectoiy), have been refearred to as "A 
Model Badiation Envoronment" for a particiilar satellite. For instance, 
flux calculations made for the TIROS project were quoted by a contractor 
as " . . , a new KASA-I97O model radiation environment for the 790 n. mi. 
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TOS/ITOS orbit . . and older calcu 3 .ations were called ” • , , the 
earlier I965 model . . . again, in both instances, referring to results 
from orbital-flux integrations. 

This is an unfortunate choice of nomenclature because it may 
convey the wrong impression about the nature of the data and it may 
lead to misunderstanding or confusion. In the context of orbital flux 
studies, "models of the environment" are only those constructed and 
published by Dr. Vette and his group at the National Space Science Data 
Center-GSFC (Formerly of Aerospace), Once issued they are standard, static 
and \mchanging with regards not only to time but also with regards to 
application, at least until new ones appear. Subsequently, every single 
orbital flux calculation performed for any project office or for any 
mission requirement uses the same identical models, current at that time. 

To attach the term "model" to the end products of their use would 
imply that for the specific flightpath the results could in turn be used 
to again predict fliixes, when given different parameters or conditions, 
which of course is not the case. 

But sometimes the misleading effect of this misnomer is further 
compounded when electrons and protons are siammarily lumped together under 
the same deceptive heading. This last practice may be particularly confusing 
because it may produce several of the so-called "models" for a given 
satellite in a fixed year, if during that year more than two true environment 
models happened to be published. Assuming that whenever improved, real 
models do become available, the older ones are immediately replaced and 
new calculations are invariably performed, and since new proton and electron 
models are not published simultaneously, it my happen that revised data are 


5 


Issued CO a project office several tines during a particular year^ 
some reflecting changes in the flux values of one type of particles only* 


Furthermore, for a given trajectory, in addition to tlie election and 
proton fl^ix variations due to a routine nodel replacement, different 
electron fluxes may also be obtained from the same m odel by altering 
either the decay date or the decay process of the artificials, 
increasing even more the abundance of pseudo- ’todels**; a still 
further cause of variability of the computed electron intensities 
may be the inclusion of some modifying factor to account for long range 
solar cycle effects. 

Finally, another source that may contribute to the proliferation of 
such "model radiation environments" is the periodic appearance of 
new geomagnetic field models or the recalculation of the expansion 
coefficients of an existing field model for a later date. In 
every instance, this would produce a variation in the vehicle 
encountered fluxes. 

Now with regards to past TIROS data, all of the aforementioned 
causes did indeed affect, individually or Jointly, the periodically 
released orbital-flux results, in a number of combinations. But in 
every case, the later results were preferable and superior to the 
older ones. This not only because each time they were obtained with 
improved calculational methods, from better field and environment 
models, but also because they utilized an expanded knowledge and 
understanding of the physical processes involved. 
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In view of these facts. It Is advisable to discontinue the use of 
Obsolete data as soon as possible, and caution should be exercised 
when comparing never with older data because a superficial comparison 
of numbers would not serve a useful or practical purpose. It may 
in fact lead to the fallacious conclusion that the old values were 
^better”, meaning in essence either “less severe” or "more convenient”, 
while the "best” estimates in the sense of "closest to the real thing" 
(really needed for satellite design and operating criteria) are those 
later, updated fliuces. 

The following part of this report presents and discusses the outcome 
of the latest orbital-flux study for the TIROS/ECOS/TOS spacecraft. 
Improved estimates resulted only for the electrons on account of new 
information about the decay of the artificials {Stasslnopoulos and 
Verzariu, J,G.R, . Vol. 75 , Ro^ 7, March 1, 197l)> while the proton 
values remained unchanged. 


7 



PRECEDING PAGE BLANK NOT FILMED 

Introduction 

High inclination circular and elliptical trajectoriee (i^$$*) er loir 
inclination elliptical orbits of large eccentricity traTeree the ter* 
restrial radiation belts twice daring each rerolution* The vehicle 
thus executes a transverse motion in L*spacei passing successively 
through a region of low X«*values (1*0$L£2«0) and of high Lvalues 
(2 »o£l£ 6«6)) ewnoniy referred to as the iimer sone and the outer 
eone* The specified TIR0S*T0S trajectories perfons in a veiy 
similar way* 

Although the inclination of the proposed TIROS orbits was fixed Hi 
101 decrees prograde » tdxich is identical to 79 degrees retrograde, 
the trajectories were nevertheless genirated for a 79 degree progrado 
inclination* This was done in order to bypass difficulties usually 
encountered in the conversion of retrograde positions from geodetic 
polar to magnetic B«L coordinates (seet Stassinopoulos, DATA USERS* 
NOTE, NSSDC 67*-27, Computer Programs for the Computation of B and L 
(May 1966 ), part III, p* 2h)$ and only after previous test runs for 
both cases had established that the results will be about equal, if 
long enough intervals ef flight-times are being considered and pro- 
vided the orbit-periods are comparatively small (t * hrs#) md 
are not an exact divisor of 2k (hours in a diy)* 

Obviously, this happens because the same Umited area of space is 
being sampled by either prograde or retrograde trajectozy and when 
the sampling density is sufficiently increased by esc^ending the tins 
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in orbit (tho flight duration conaidorod in tht ealcttlationa)^ then 
the etatiatieal treatnent of tho data^ tha averaging procoaei pro* 
dueta tha almoet idantical raculta* 

Launch apoch for tha TIROS niaaion ia given aa OMatiaa in 
which approximataly coineidaa with tha naxt aolar nlniauat Thia 
■aana that oonditiona prevailing than in tha radiation baits would 
noat likely rasanbla those that existed during the last aolar adniaiaiii 
nanelj 19^h» wdth tha exception of the artificial *Q^tarfiah*' alaetrona 
that populated the inner sane from July 19^ to about 1966« Since tha 
electron fluxes are calculated with yetta'a AE2 modal > whi^ daacribaa 
the environment as it actually existed back in 19 ^k$ idiich tine tha 
artificials were still vastly predominant in tha inner sona» it is 
reasonable to assume that the outer zone predictions given in thia re* 
port will be a good approximation for 197l4» Of course, to obtain a 
reasonable approximation for the 197U environment in the imier sona^ 
the artificial component had to be removed! this was done by decaying 
the fluxes exponentially with experimentally determined decay life* 
timeS} defined as functions of L» and B (energy) ^ up to an apoehf 
whan it is felt, that natural background levels had bean raadnad* 
Orbital flux integrations for high energy protons were performed with 
Vette's current models API, AP6, AP7 ^ile low energy protons were 
obtained with King's AP$« All are static models, inc^udin^' the AE2, 
fdiieh do not consider tes^oral variations*. For the protons this is a 
valid represention because experimental measurements have shoim that 
no significant changes with time have occurred* With the exception of 


10 



th» fringe areas of the preton belt» that iff at vezy loir altitudes 
•id at the outer edges of the trapping region^ the possible error 
introlueed hy the static approximation lies well within the uncer- 
tainty factor of 2 1 attached to tiM mddela# Censequently^ the 
proton models nay be applied to any epoch without the need for an 
updating process* 

Occasionally discontinuities appear in the proton spectra* These 
"breaks^ occur because the complete proton environment is being 
described by three (formerly four) Independent maps or grids^ each 
valid only over a limited energy range; for certain critical orbital 
configurations the discontinuities are then produced idien moving from 
one energy range to another* They are caused^ in party by the 
exponential energy parameter of the model idiich in many instances had 
to be extrapolated to make up for lacking data andy in paHy to 
isksufficlent experimental measuremends over some areas of B/L-space; 
fbrtherroorey the discontinuities reflect the fact that the avail- 
able data connot be completely matched at their overlap* In order to 
overcome such spectral breaksy a continuous weighted mean curve is 
usually draimy connecting the adjacent segments; it should be regarded 
as an approximate spectral distribution* In doing thisy the API 
results OO^E(Uev) ^(50) have to be totally Ignored sometimes* The 
TIROS orbits belong to the affected group* 
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Claitification of orbit Intagratad apaetra as hard or soft la ralatlTa# 
It is baaad on an orarall evaluation of near earth space in terns of 
circular trajectories between equatorial and polar orbits. 

Attachnent A contains other pertinent background inferaation with regard 
to units^ field modelsi trajectoxy generation and conversion, etc. At 
this point, we wish to eiiqphasise again that our calculations are on^ 
approxinationsi we strongly recommend that all persons to receive parts 
of this report be advised about the uncertainty in our data. 
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Rtsttltsf Afiftlygls and Diacustion 


Our ealculations for the two proposed TIROS orbits are summarised in 
Tables 1, 2 for electrons and Tables b for protons. The super* 
imposed spectral distrlbutiont of the two trajectories are given 
graphically for each type of particles in Figures 1 and 2 respectively! 
and a selected set ef integral energies are plotted versus altitude in 
Figures 3 for electrons and k for protons. 

As might be expectedj Figures 1 and 2 indicate an increase in the 
average daily fluxes for higher altitudes ^ acconq^ied by a slight 
softening of the spectra^ which for electrons above ESI Rev may be 
classified as **hard** for near earth space missions! while the protons 
rate a »*hard** to "very hard** classification for energies B>5 Mov. 
Figures 5 to 8 are computer plots depicting each characteristic 
electron and proton spectrum of the two flightpaths separately. 

Table $ indicates what percent of its total lifetime the satellite 
spends in ** flux-free'* regions of space! trhat percent of its total 
lifetime in **high intensity** regions! and while in the latter! what 
pesrcent of its total daily flux it accumulates. 

In the context of this study! term ** flux-free** applies to all 
regions of space where trapped-particle fltixes are less than one 
electron or proton per square centimeter per second! having energies 
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Mev and Ifev respectively | this includes regions outside the 
redistil he. ts« Similarly^ we define as **high intensity** those 
regions of space^ where the instantaneouSf integral^ emnidireetional, 
trapped-p«%rticle flux is greater than 10^ electrons with energies 
llev^ and greater than 1C? protons with energies llev« The values 

given in Table $ are statistical averages» obtained over extended 
intervals ef mission time* However ^ they may vary significantly from 
one orbit to the next, when Individual orbits are eensidered* 

Predictably, the hi^ energy proton population, which occupies a smal« 
ler volume of the radiation belt, affords a larger flux-free time than 
the electrons. It should be noted that at the indicated heights, a 
diange in altitude does not alter significantly the flux-i ee time 
afforded the satellite, in either the electron or the proton medtusu 

If the flux-free time is important in mission planning, it is advis- 
able, before decisions are made, to evaluate and compare the radiation 
hazards or effects due to the predicted electron and proton fluxes, 
either in regard to the entire mission or in regard to specific mission 
functions or requirements. For, while the proton intensities are on the 
average about two orders of magnitude smaller than the electrons, and 
while they apparently do afford mere flux-free time, their greater mass 
and harder spectra may prove more damaging to the mission than the more 
numerous electros with their lesser flux-faree time. 
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In Figure 9 the percentage of total lifetine T apent the vehicle 
in the inner sone (?t) and in the outer lone (T*) is given^ with 
the percent duration apent eutside the trapped particle radiation 
belt (L>^»6), denoted by T® (T-extemal)« 

For any ndsaion (j) them 

Tj ■ + Tj ♦ tJ S 100)« 

Evidently} the high Inclinatien TIR0S/IT06 apenda almoat equal amounts 
of ita entire lifetime in the inner and the outer soneS} for both 
selected altitudes* It only briefly visits regions of space outside 
the Van Allen belts (about 1$% of ^he satellite thus performs 

a complete sweep through magnetic L-space} which constitutes the 
transverse motion mentioned in the first paragraph} executed twice 
during each revolution (orbit)* This information is used to eval- 
uate the possible contribution of the outer zone solar cycle depen- 
dence to the uncertainty factor attached to the results* 

The following related points are submitted for consideration in 
connection with the lifetime distribution over distinct regions 
of spaces 

a* lasting solar cycle effects are more severely experienced 
in the outer zone (significant changes in the trapped electron 
population from solar minimum to solar maximum)* 



b* btarg^tie artlfielml alaetrOTa fron hl^ altituda imelaar 
axploslons (Starfiah) hava displayad a raaarkabla longavlty, but 
only in tha innar aona i thara they eontaiiinatad the anvlronMiit for afar 
$ yaara^ ahila they rapidly decayed to background laaala in the outer 
lona (within waaka to montha)« A planned or accidental axploaicn of 
another atonic device with tha appropriate yield and at the right 
latitude and altitude nay^ vezy likelyf produce conditiona aiadlar to 
those experienced with **Starfieh**t tranafoming the inner lone aipiin 
into a radiation hotbed* 

c* Tranaient solar flare effects (high energy solar proton 
fluxes) My be oepecially haeardoua and damaging in regions external 
to the trapped particle belts* 

Figures 10 to l9 are additional computer plots for tha two IXROS 
trajectories showing the vehicle encountered instantaneous peak 
electmi (B^*$ Mev) and proton (E^5 Mev) intensities par orbit 
for a sequence of about 2$ revolutions* On all graphs a periodic 
pattern emerges that indicates a daily cycle of about 12 to 13 
orbits which may shift slightly in the plotting* This is due to 
the relative orbit period, which determines the precession of the 
trajectozy* 

It is evident that altitude affects the peaks for both types of 
particles, but vezy little over the given range* The tendency is 
towards greater fluxes for hi^er altitudes* There is a relatively 


MtU ▼mrlAtlon in tht om* a daily cyela (aaTrlw about 

a fbetar of $), oontraiy to othor orblta, whldi axporlonoa flux«loia 
Intorrali of tiao» oeeaalanally looting aororal roroXutiona* 

Finally^ for oach of tho two flight pa^hSf two moro eonputor plota aro 
indudodi figuroo l^- to Jf , ono for protona and ana for alaotrona^ 
dapieting tba oharactariatie avara|ad inatantanaoua intanaitiaa of 
tha trajactoxy in tanw of conatant L-banda of •! aarth radiua widthi 
tha parcant of total lifatlna apant in aaeb L^interwal ia ahown on tha 
aane graph by tha contour narkad with x*a« 
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ATTACHMENT A 


General Background Information 

For the specified TIROS-TOS trajectories, orbit tapes were generated 
with an Integration stepslze of one minute for a sufficiently long 
flighttime, so as to insure an adequate sampling of the ambient 
environment; on account of their periods, which determine the rate 
of orbit-precession, the following circular flight paths of lf8-hour 
duration were produced: 

Inclination Altitude Period 

79® prograde (lOl*^ retrograde) 1465 ton (790 n.m.) 1,919 hrs, 

79® prograde (lOl^ retrograde) 1667 ton (900 n,m,) 1.995 hrs. 

The orbits were subsequently converted from geocentric polar into 
magnetic B/L coordinates with Mcllwain*s INVAR program of I965 and 
with the field routine ALLMAG by Stassinopoulos and Mead, utilizing 
the POGO I d/69) geomagnetic field model by Cain and Sweeney, cel.'ulated 
for the epoch 1974,0 (B is the field strength at a given point and 
L is the geocentric distance to the intersect of the field line, passing 
through that point, with the geomagnetic equator). 

Orbital flux integrations were perfoimed with Vette’s current models of 
the environment, the AE2 for electrons and the API, AP6, AP7 for high 
energy protons. All are static models which do not consider temporal 
variations. See text and preceding it section for further details on 




The results, relating to omnidirectional, vehicle encountered, 
integral, trapped particle fluxes, are presented in graphical and 
tabular form with the following unit conventions 


1. Daily averages: total trajectory integrated flux averaged 

into particle s/cm^ day, 

2. Totals pr^r orbit; non-averaged, single -orbit integrated flux 

in particle s/cm^ orbit, 

3. Peaks per orbit: highest orbit-encountered instantaneous 

flux in particles/cm^ sec, 

where 1 orbit » 1 revolution. 

Please note; we wish to emphasize the fact that the data presented 
in this report are only approximations. We do not believe the results 
to be any better than a factor of 2 for the protons and a factor of 
3 for the electrons. It is advisable to inform all potential users 
about this uncertainty in the data. 
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